The effects of antidiabetic agents on lipoprotein subclasses are assumed to be pivotal, but this assumption has not been studied. We evaluated lipoprotein subclasses in patients, randomly selected from REASON (Randomized Evaluation of Anagliptin versus Sitagliptin On low-density lipoproteiN cholesterol in diabetes) Trial participants, with type-2 diabetes treated with either anagliptin or sitagliptin. We measured total cholesterol (TC) and triglycerides (TG) in 4 (chylomicron (CM), very low-density lipoprotein (VLDL), low density lipoprotein (LDL), and high-density lipoprotein (HDL)) lipoprotein classes and 20 (2 CM, 5 VLDL, 6 LDL, and 7 HDL) lipoprotein subclasses. Between 0 and 52 weeks, TC and TG in lipoprotein and the lipoprotein subclass were distributed differently in patients treated with anagliptin and sitagliptin. The preferable changes in TC and TG levels were observed dominantly in the anagliptin-treated group under standard statin therapy, but the benefits were observed in both the anagliptin-and sitagliptin-treated groups, at least partially under strong statin therapy. In future studies, the atherogenic properties of lipoprotein subclasses might be considered when employing antidiabetic dipeptidyl peptidase-4 (DPP-4) inhibitors, especially in patients with type-2 diabetes who are at risk of atherosclerotic cardiovascular disease (ASCVD) or are undergoing statin treatment.
Introduction
To prevent atherosclerotic cardiovascular disease (ASCVD) in type-2 diabetes mellitus (T2DM), controlling low-density lipoprotein cholesterol (LDL-C) levels is crucial [1, 2] . HMG-CoA reductase inhibitors (statins) are widely used to target recommended levels of LDL-C in T2DM [3, 4] . However, at a certain rate, LDL-C target levels are difficult to reach, largely due to statin ineffectiveness and/or intolerance, which limit the potential ASCVD risk reduction of statin treatment [5] [6] [7] .
Anagliptin belongs to a class of drugs known as antidiabetic dipeptidyl peptidase-4 (DPP-4) inhibitors. It has been suggested that anagliptin has a unique action among DPP-4 inhibitors due to its ability to lower LDL-C [8] . A Randomized Evaluation of Anagliptin versus Sitagliptin on low-density lipoproteiN cholesterol in diabetes (REASON) Trial was a multicenter, randomized, open-label, parallel-group trial to determine the effectiveness of anagliptin versus sitagliptin on reduction in LDL-C in patients with type-2 diabetes with either prior coronary artery disease (CAD) or CAD risk factors under statin therapy [9] . We found that only anagliptin reduced LDL-C levels, even under treatment with statin [10] . Among the 353 participants in the trial, the frequencies of standard and strong statin users were 278 (78.8%) and 75 (21.2%), respectively [10] . However, the LDL-C lowering effect of anagliptin were not compared between standard and strong statin treatment in the REASON trial.
It has also been shown that the incidence of CAD differs by patterns of lipoprotein subclass [11] . For example, the atherogenic lipoprotein, small dense LDL-C (sdLDL-C), is often observed in patients with T2DM or insulin resistance [12] . Although the effects of antidiabetic agents on the patterns of lipoprotein subclass are assumed to be pivotal, an evaluation testing this assumption has not yet been performed in patients treated with DPP-4 inhibitors, which are among the most frequently prescribed antidiabetic agents [13, 14] .
In this study, we evaluated: (1) the lipoprotein class and subclass patterns of the anagliptinand sitagliptin-treated groups from REASON Trial participants, and (2) these patterns in strong and standard statin-treated subgroups.
Materials & Methods

Study Design and Subjects
The REASON Trial was a multicenter, randomized, open-label, active-controlled, parallel-group trial, which was conducted between April 2015 and January 2018 in Japan. The primary end point was the change in LDL-C levels at 52 weeks, and the secondary endpoint was the change in HbA1c levels at 52 weeks. The detailed design of the REASON Trial has been described previously [9, 10] . We used an electronic data capture (EDC) system to register and randomize participants and collect data. Randomization to anagliptin or sitagliptin in a 1:1 ratio was performed centrally through the EDC system, with a stochastic minimization algorithm to balance treatment assignment within the strata of center: HbA1c (≥8.0%, <8.0%), use of DPP-4 inhibitors prior to trial registration, sex, BMI (≥25 kg/m 2 , <25 kg/m 2 ), and LDL-C (≥130 mg/dL, <130 mg/dL) [9, 10] . In this subanalysis of the REASON Trial, 50 participants each from the anagliptin-or sitagliptin-treated groups were randomly selected from the 353 subjects enrolled in the REASON Trial [10] . The Trial and this subanalysis were conducted in accordance with the guidelines established by the Declaration of Helsinki and Japanese clinical study guidelines regarding human subjects in research. The institutional review boards of the University of the Ryukyus (No. 731) and each participating center approved this study, and all patients provided written informed consent prior to participation. This trial was registered at Clinicaltrials.gov on 5 January 2015 (NCT02330406).
Lipoprotein Class and Subclass
We measured the total cholesterol (TC) and triglycerides (TG) of the 4 major lipoprotein classes and 20 lipoprotein subclasses in anagliptin-and sitagliptin-treated groups, and compared the absolute difference between 0 and 52 weeks. Lipoprotein subclasses were measured using gel-permeation high-performance liquid chromatography (GP-HPLC), (LipoSEARCH, Tokyo, Japan) [15, 16] . The 4 lipoprotein classes measured included chylomicron (CM), very low-density lipoprotein (VLDL), low-density lipoprotein (LDL), and high-density lipoprotein (HDL). The 20 lipoprotein subclasses measured included 2 CM, 5 VLDL, 6 LDL, and 7 HDL subclasses, according to prior classification (Table 1) [15, 16] . We also analyzed changes in lipoprotein subclass in the strong or standard statin-treated subgroups. 
Clinical Variables
Clinical variables included age, sex, height, body weight (BW), systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR). Body mass index (BMI) was calculated as BW (kg)/height (m) 2 . Medication records were accessed, using an electronic data capture (EDC) system, for prior use of DPP-4 inhibitors, sulfonylureas, glinides, metformin, pioglitazone, α-glucosidase inhibitors, sodium-glucose cotransporter inhibitors, insulin, and lipid-lowering medications (statins, ezetimibe, fibrates, eicosapentaenoic acid, and nicotinic acid). Statins were classified either as standard (pravastatin, simvastatin and fluvastatin) or strong (atorvastatin, rosuvastatin, and pitavastatin) [17] . Biochemical tests included fasting plasma glucose (FPG), HbA1c, TC, TG, HDL-C, aspartate transaminase (AST), alanine transaminase (ALT), blood urea nitrogen (BUN), and serum creatinine. Estimated glomerular filtration rate (e-GFR) was calculated using the Japanese formula for GFR estimation: eGFR (mL/min/1.73 m 2 ) = 194 × serum creatinine (mg/dL) −1.094 × age (years) −0.287 [18] .
Statistical Analysis
Statistical analysis was performed as previously described [9, 10] . In brief, categorical variables are shown as number and percentage, and continuous variables as mean and standard derivation or median and quartile, if appropriate. Comparisons between weeks 0 and 52 were analyzed by paired t-test, and comparisons between the anagliptin and sitagliptin groups were by t-test. Because the allocation of anagliptin and sitagliptin was conducted at random, no adjustment for comparisons between groups was done. In addition, the changes over time and differences between groups were clinically defined, and adjustment for the multiplicity of p-value was not considered. All Statistical analyses were conducted using JMP 13.1 (SAS Institute Inc., Cary, NC, USA) and SAS 9.4 (SAS Institute Inc.). Two-tailed p-values < 0.05 were considered statistically significant.
Results
Characteristics of Subjects
Baseline characteristics are shown in Table 2 . Participants (n = 100; 50 each of anagliptin-and sitagliptin-treated groups) with a mean age of 68 (9) years, 57% male, BMI of 26.8 (3.78), HbA1c of 7.0% (0.7) and LDL-C of 113 (24) mg/dL were comparable with the REASON Trial participants (n = 353). Laboratory values, and the proportions of antidiabetic and lipid-lowing drugs, were comparable in both groups. 
TC and TG in Lipoprotein Classes and Subclasses
Values of TC and TG at 0 and 52 weeks in the 4 lipoprotein classes and 20 lipoprotein subclasses studied are shown in Supplementary Tables S1 and S2. Differences between 0 and 52 weeks in TC and TG in CM, VLDL, LDL, and HDL, and those of the 20 lipoprotein subclasses studied, are shown in Table 1 . In the 4 classes studied, TC in LDL was decreased in the anagliptin group and TC in CM was increased in the sitagliptin group. In the 20 subclasses, 5 of the 6 subclasses of LDL were decreased in the anagliptin group, while 2 of these were decreased in the sitagliptin group. Within the 7 HDL subclasses, TC increased or tended to be increased in P14-P17 in both groups, while TC decreased in P18-19 only in the anagliptin group. TG was increased in 4 out of 7 HDL subclasses only in the sitagliptin group.
TC and TG in Lipoprotein Classes and Subclasses in Standard or Strong Statin Subgroups
Additionally, we analyzed lipoprotein classes and subclasses in patients treated with strong or standard statins. Frequencies of standard and strong statin users were comparable between the anagliptin and sitagliptin groups ( Table 2 ). In the standard statin subgroup (Table 3) , TC in LDL, TC of 5 LDL subclasses, and TC of 2 HDL subclasses were decreased only among the anagliptin group. Additionally, TG in VLDL and TG of 3 VLDL subclasses were decreased only in the anagliptin group. TG in HDL was increased in anagliptin group. In the strong statin subgroup (Table 4 ), TC in LDL and LDL in the small LDL subclass were decreased significantly in the anagliptin group, and tended to be decreased in the sitagliptin group. TG in VLDL and TG in the 5 VLDL subclasses were decreased in both the anagliptin and sitagliptin groups. * P < 0.05, ** P < 0.01 between week 0 and 52. TC: total cholesterol, TG: triglycerides, CM: chylomicron, VLDL: very low-density lipoprotein, LDL: low-density lipoprotein, HDL: high-density lipoprotein. Mean (SD), n (%).
Discussion
In this study, we measured changes in TC and TG from 0 to 52 weeks in lipoprotein classes and subclasses in anagliptin-and sitagliptin-treated patients with type-2 diabetes who had concomitantly taken either strong or standard statins. We obtained two major findings from this analysis, which add to those of the prior REASON trial. First, we found that TC in lipoprotein classes and subclasses was altered at 52 weeks in both the anagliptin-and sitagliptin-treated groups. Specifically, TC in LDL was decreased only in anagliptin-treated patients, and TC in CM was increased only in patients treated with sitagliptin. However, TG in VLDL and VLDL subclasses were decreased similarly in both groups. Second, differences in TC in LDL and LDL subclasses, and TG in VLDL and VLDL subclasses, were observed both in the standard and strong statin subgroups of anagliptin-and sitagliptin-treated patients. However, the changes in TC and TG levels in lipoprotein classes and subclasses were distributed differently between the anagliptin-and sitagliptin-treated groups. The preferable changes in TC and TG levels (lowering TC in LDL and lowering TG in VLDL) were observed dominantly in anagliptin-treated group under standard statin therapy, but the beneficial effects were observed both in anagliptin-and sitagliptin-treated group under strong statin therapy.
Among the 20 lipoprotein subclasses studied, sdLDL-C is considered highly atherogenic [11] . Additionally, sdLDL-C is believed to reflect an increase in remnants or TG-rich lipoproteins, and is often observed in patients with T2DM or insulin resistance [12] . Although sdLDL-C and other lipoproteins are possible targets in treating ASCVD [12] , previous studies have not fully studied the effects of antidiabetic drugs, including DPP-4 inhibitors, on the lipoprotein profiles. We found, for the first time, that anagliptin decreased TC in sdLDL, in addition to the known effect of lowering LDL cholesterol [10] . Previous in vitro and in vivo studies may provide insights into the mechanisms underlying the lowering of LDL cholesterol by anagliptin. Yano et al. reported that anagliptin decreased LDL cholesterol by downregulating synthesis of TC via liver sterol regulatory element-binding protein-2 (SREBP-2) [8] . Additionally, Goto et al. reported that anagliptin can decrease TC absorption from the small intestine [19] . In addition to lowering TC in LDL, the current study also showed that anagliptin had the unique effect of decreasing TC in small and very small HDL subclasses. This effect coincided with changes in TG levels in VLDL subclasses, which was also observed with sitagliptin treatment. Although the atherogenicity of HDL subclasses are still a matter of controversy, the changes observed here in HDL subclasses may play a functional role [20] .
Although statins are beneficial in preventing ASCVD [3, 4] , residual risk after statin treatment should be considered in specific conditions [5, 6, 12, [21] [22] [23] [24] [25] [26] . In T2DM, possible candidates for residual risks include sdLDL [12] , postprandial hypertriglyceridemia [25] , and TG-rich lipoproteins [21, 25, 26] . Our findings may provide a unique approach to this important "beyond statin" issue [21] [22] [23] [24] . Previous studies have reported the effects of anagliptin on the lipid profiles of patients with type-2 diabetes, but these were not controlled for statin treatment [14, 19, 27] . We, for the first time, evaluated the effects of DPP-4 inhibitors on lipid and lipoprotein profiles in patients with type-2 diabetes undergoing statin treatment. Further, this study demonstrated the differing impacts of anagliptin and sitagliptin on TC in LDL and LDL subclasses, and on TG in VLDL subclasses in patients undergoing treatment with standard statins. However, beneficial effects were observed both in anagliptin-and sitagliptin-treated group under strong statin therapy. We could not explain the differences in effect of two DPP4 inhibitors under standard-and strong-statin therapy from our results.
At baseline, the mean (SD) LDL cholesterol was 126 (25) mg/dL in the standard statin group and 110 (23) mg/dL in the strong statin group. In the Japan Atherosclerosis Society (JAS) Guidelines for Prevention of Atherosclerotic Cardiovascular Diseases 2017, it is recommended that patients with diabetes maintain a LDL cholesterol level below 120 mg/dL [3] . Therefore, we cannot determine exactly why standard statins could not be switched to strong statins in these patients, but we might reasonably assume the reason is statin intolerance, i.e., the status in which an adequate dose of statin cannot be continuously used because of adverse effects [5, 6] . The major reasons for statin intolerance have been reported to be statin-associated muscle symptoms (SAMS) and increased CK levels and their temporal association with initiation of statin therapy [28] , partially due to solute carrier organic anion transporter family member 1B1 (SLCO1B1) variant alleles [29] . Nagar et al. reported that statin intolerance was observed in approximately 10% in Japanese patients with high CAD risk [5] . Although we cannot estimate any clinical benefit from the present results, it might be interesting to observe long-term effects of anagliptin in patients with T2DM with intolerance to strong statins.
Our study has several limitations. First, the sample size was small, especially in the standard and strong statin subgroups. However, there is a clear difference between anagliptin-and sitagliptin-treated groups, especially among the standard statin subgroup. The degree of the difference in LDL-C levels is quite minimal between anagliptin and sitagliptin groups, and thus, one should be careful when estimating its clinical utility. This study evaluated lipoprotein and the lipoprotein subclass by the largest number of diabetic patients treated with DPP-4 inhibitors so far, and therefore, should be reliable. Further studies may be warranted to confirm these results. Second, the participants were all Japanese, and, therefore, our observations should be re-evaluated in other races. Third, because the study period was 52 weeks, we could not evaluate the onset of ASCVD events. Although clinical trials on ASCVD events in patients treated with DPP-4 inhibitors have been reported [30, 31] , the effects of this class of antidiabetic drugs should be considered, especially on diabetic dyslipidemia.
Conclusions
Changes in TC and TG levels in lipoprotein classes and subclasses were distributed differently between patients treated with anagliptin and sitagliptin. The preferable changes in TC and TG levels were observed dominantly in the anagliptin-treated group under standard statin therapy, but the benefits were observed both in anagliptin-and sitagliptin-treated group, at least partially, under strong statin therapy. In future studies, the atherogenic properties of lipoprotein subclasses might be considered when employing antidiabetic DPP-4 inhibitors, especially in patients with type-2 diabetes who are at risk for ASCVD or who are undergoing statin treatment.
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